Abstract. By-products from production of alcohol distilling dregs (stillage) contain much organic matter, therefore could be useful for the production of biogas. The purpose of the study is assessment of the methane volume obtainable from stillage in the anaerobic fermentation process. Investigation was provided in 16 bioreactors operated in batch mode at 38 ºC. Stillage was filled into 14 bioreactors and only inoculum was filled into two bioreactors for control. The yield of biogas was 0.616 l·g -1 DOM and methane 0.360 l·g -1 DOM after 37 days of anaerobic digestion. The investigated average methane content in biogas from stillage was 58.5 %. The study demonstrates that stillage is a good raw material for the production of methane.
Introduction
The alcoholic beverage plants are characterized by relatively large quantities of liquid organic byproducts. Recycling or further use of such by-products is not fully solved in Latvia. The biogas production from distilling dregs residue can be considered as the most suitable technology for alternative energy production due to large amount of organic solids. However, balanced composition of active substances in substrate should be provided to ensure activity of the bacteria for successful biomethane production.
Biodegviela Ltd. is one of three distilleries in Latvia located in Kalsnava. The factory has been expanding production by building the fuel alcohol plant. Production of biogas is provided both from distilling stillage residue 450 t·d -1 and cattle manure 60 t·d -1 , and total cogeneration electrical capacity is 2 MW el. Heat produced is used for technological purposes.
The distilling stillage residue utilization for production of feed additives is ongoing in Iecava alchocol plant, and the by-products utilization is provided only partially in Jaunpagasts alcoholic beverages plant. Suitability of distilling stillage residue for biogas production can be judged from raw material analysis (Table 1) [3] . Distilling stillage is a residual product of the ethanol production process and it is good raw biomass for production of biogas. The potential of biogas from stillage was investigated by many researchers in different countries [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
In recent years, many of industrial distilleries, particularly those using cellulose containing raw biomass, have started the usage of distillery stillage also for biogas production in order to improve energy and economic effectiveness. Three main types of raw materials -wheat, triticale and cellulose containing the raw materials -were used for ethanol production worldwide. The wheat and triticale grains are used almost exclusively in distilleries in Latvia, even though the price on grain is relatively high, but there are lower transport expenses on locally produced grain suitable for high quality ethanol production.
Researchers at the Swedish University of Agricultural Sciences (SLU) have estimated the biogas potential from wheat stillage using five laboratory bioreactors during 640 days at temperature 38 ºC. Stability problems arise after 120 days of the anaerobic fermentation process, while stillage was used as the only biomass medium in the digester. The anaerobic digestion process was stabilized after cattle manure was added into bioreactors, so providing the organic load (OLR) of 2.8 g -1 VS . The investigated methane yield per unit of volatile solids (VS) was 310 ml·g -1 VS for pulp (85 %) and manure mixture (15 %), and the hydraulic retention time (HRT) was 45 days [10] .
Researchers at the University of Florida investigated stillage produced from grain and raw materials with a high cellulose content treatment in the anaerobic digestion process. Investigations showed that quite similar biogas quantity is obtainable from raw materials in mesophilic or in thermophilic treatment mode, but the thermophilic process can be provided almost twice as fast, so the digester can to work with double organic load (OLR) [8] VS from wheat or cellulose stillage respectively [9] . The highest potential of 691-788 ml·g -1 VS biogas and 401-458 ml·g -1 VS methane was obtained from maize stillage. The rate of organic matter decomposition was 76-94 % [14] .
The German researchers also collected information [6] , but with less data on stillage anaerobic fermentation.
The outcome of biogas from stillage is not investigated in Latvia before. The hydrogen sulphide content usually increases in stillage substrate during anaerobic fermentation, so additional measures should be provided to reduce this harmful substance.
The purpose of the study is evaluation the biogas and methane production from stillage in the anaerobic fermentation process.
Materials and methods
The raw biomass material (stillage) samples were analysed to clear up the general elements before fermentation. The data were used for calculation of organic loading rates.
16 bioreactors were filled with substrate and placed in the heated container-thermostat Memmert, and gas released from each bioreactor was collected into separate flexible storage bags located outside the thermostat. The widely applied methods were used for preparation of raw biomass substrate, investigation of the fermentation process and analysing of the results [12; 13] .
Dry organic matter (DOM) content was determined by investigation of raw weight, dry weight and ashes weight of substrate components and mixtures before and after the anaerobic fermentation process using a moisture-balance measuring unit (model MOC-120H) at 105 ºC temperature and the oven (model Nabertherm) at 550 ºC. All mixtures were prepared, carefully mixed and all bioreactors were placed into the container-thermostat at the same time before starting of the anaerobic digestion process. Gases volumes were measured using the flow meter (Ritter drum-type gas meter). The composition of gases, e.g., oxygen, carbon dioxide, methane, and hydrogen sulphide, was measured using the gas analyser (model GA 2000). The substrates pH values were measured before and after finishing of the anaerobic digestion using the pH meter (model PP-50). Total weight of substrates before and after the anaerobic fermentation process was measured with the scales (model KFB 16KO2).
2 bioreactors were filled with 500.0 ± 0.2 g inoculums only (for control) and 14 bioreactors (all having volume of 0.75 l) were filled with mixtures of inoculums (500 g) and added stillage (20 ± 0.005 g). Almost completely fermented cattle manure from 120 l bioreactor working in continuous mode was used as the inoculums. Batch mode anaerobic digestion process was provided at thermostat temperature 38 ± 0.5 ºC. Biogas released from each bioreactor was collected into a gas bag both for the gas volume and content measurements at regular time intervals. The anaerobic fermentation process was provided until biogas release ceases within 37 days.
Results and discussion
Amount of raw material was prepared, mixed and preciously distributed between reactors (R2-R15), and accuracy of substrate dose in every reactor equals to measurement accuracy of the scales used. The results of investigation of raw biomass substrates, including inoculums and stillage components, are shown in Table 2 . Table 2 Results of analyses of raw material samples before anaerobic digestion 
IN -inoculum; S -stillage; ASH -ashes; TS -total solids; DOM -dry organic matter (on raw substrate basis); R1-R16 -bioreactors.
As it can be seen from the raw materials analyses in Table 1 stillage contains higher dry matter (11.18 %) and organic dry matter (6-8 %) content compared to that from other distilleries.
The results of analysis of finished digestate from every bioreactor after the anaerobic fermentation process are shown in Table 3 . The production of biogas and methane from stillage and from control reactors is presented in Table 4 .
The inoculums continue to degrade slightly in average by 0.034 g DOM or by 3.77 % in the control bioreactors R1 and R16, see Table 3 . The remaining average total dry organic matter of substrates with stillage and inoculums (R2-R15) was 1.076 g, and the calculated total biodegradation rate was 64.28 %. The calculated remaining average dry organic matter of the stillage component in finished substrate (R2-R15) was (0.196 g), and average biodegradation rate of stillage was 90.66 %. Even in theoretically the worst case, if the inoculums can be degraded by 100 %, stillage should still degrade by 0.197 g or by 9.37 % to match the experimental results. In fact, the calculated biodegradation rate of inoculum was negligible, and the volume of biogas in the control reactors R1 and R16 with inoculums was so small that it was not possible to distinguish any gases volume using the above mentioned measurement techniques, see Table 4 . It confirms that stillage has lot of easy degradable substances facilitating the anaerobic fermentation process. 
DOM -litres per 1 g dry organic matter added (added fresh biomass into inoculums).
The average methane content in biogas from stillage is shown in Fig. 1 . The relatively high methane content in biogas from stillage can be explained by the fact that stillage contains a lot of raw sugars. There was a high hydrogen sulphide content observed in biogas, even 2-3 times higher compared to the permissible level (150 ppm), especially at the beginning of the anaerobic fermentation process. To prevent damage to the equipment, while working with stillage, it is required to reduce the formation of hydrogen sulphide or to provide the treatment of biogas before its utilisation in cogeneration engines.
The specific average biogas and methane production volumes (l·g -1 DOM ) calculated for bioreactors with added stillage biomass are shown in Fig. 2 . The specific biogas and methane yields (Table 4 and DOM download). 3. The investigated relatively high methane content in biogas of 58.5 % confirms that stillage from ethanol plants is a good resource for biomethane production. 4. Relatively high content of hydrogen sulphide in biogas was observed during the stillage anaerobic fermentation process, therefore biogas purifying should be provided before its usage in cogeneration engines.
